The aim of this study was to evaluate the possible therapeutic or protective effects of Helichrysum plicatum DC. subsp. plicatum ethanol extract (HPE) against gentamicin-induced nephrotoxicity. Thirty-six Sprague Dawley male rats weighing between 200 and 250 g were used as live material. They were formed into six groups containing 6 rats each and were allowed to adapt to laboratory conditions for 7 d. Group I: control, 5% DMSO intraperitoneal (i.p.); Group II: HPE 100 mg/(kg·d) i.p.; Group III: HPE 200 mg/(kg·d) i.p.; Group IV: gentamicin as 80 mg/(kg·d) i.p.; Group V: gentamicin as 80 mg/(kg·d) i.p.+HPE 100 mg/(kg·d) i.p.; and Group VI: gentamicin as 80 mg/(kg·d) i.p.+HPE 200 mg/(kg·d) i.p. for 8 d. Following treatment, serum, liver, and kidney tissues were used to assess blood urea nitrogen (BUN), creatinine, enzymatic and non-enzymatic antioxidants, and lipid peroxidation. Gentamicin significantly increased serum BUN, creatinin, and liver and kidney levels of malondialdehyde (MDA). It also decreased the activity of catalase (CAT), glutathione peroxidase (GPx), and superoxide dismutase (SOD). Treatment with the HPE 100 mg/kg reversed gentamicin-induced alterations as evidenced by decreased serum BUN and creatinin, liver and kidney oxidant marker, and tubular necrosis as well as by an increase in antioxidant enzymes. It was found that HPE 200 mg/kg significantly increased liver and kidney tissue MDA levels in nephrotoxicity in rats. As a result, these findings support the proposition that HPE in 100 mg/kg dose demonstrates in the kidney and liver as free radicals and scavenger to prevent the toxic effects of gentamicin in both the biochemical and histopathology parameters.
Introduction
Aminoglycoside antibiotic gentamicin sulphate is frequently used for the treatment of Gram-negative bacteria such as Pseudomonas, Proteus, and Serratia (Corona et al., 2014; Shrestha and Haylor, 2014) . It has been a most powerful therapeutic drug against bacterial strains that are resistant to other antibiotics in many conditions; however, its use is limited due to the side effects of nephrotoxicity and hepatotoxicity (Martínez-Salgado et al., 2007; Nayma et al., 2012; Mahmood et al., 2014) . When the effects of gentamicininduced nephrotoxicity are not completely known, suggested pathological effects include induction of apoptosis, necrosis, oxidative stress, an increase in monocyte/macrophages infiltration, and elevation of endothelin I (Sumbul et al., 2003; Süzgec et al., 2005) . Gentamicin-induced nephrotoxicity is characterized physiologically by increases in the levels of serum creatinine, blood urea nitrogen (BUN), tubular necrosis and glomerular congestion, and decreases in the glomerular filtration rate (Balakumar et al., 2010; Nasri, 2012) . It is morphologically characterized by epithelial edema, proximal tubule epithelial desquamation, tubular necrosis, and glomerular hypertrophy (Stafford et al., 2005) . Gentamicin increases the production of reactive oxygen species (ROS), for example, super oxide anions, hydrogen peroxide, hydroxyl radicals, and reactive nitrogen species in the kidney (Tavafi and Ahmadvand, 2011; Tavafi, 2013; Moreira et al., 2014) . Gentamicin reduces the activity of renal antioxidant enzymes such as catalase (CAT), glutathione peroxidase (GPx), superoxide dismutase (SOD), and glutathione (GSH) (Ojano-Dirain et al., 2014; Kandemir et al., 2015) .
Helichrysum species belonging to the family Asteraceae include approximately 185 genera and more than 1240 species, which are widespread throughout the world (Europe, Asia, Africa, and Madagascar) (Bayer et al., 2007) . Helichrysum genus is represented by 24 species and 30 taxa, of which 17 are endemic and are widely found in the flora of Turkey (Guner, 2012) . The biological activity of many Helichrysum species has been researched in different countries, but there is little information about those belonging to Turkish flora (Aslan et al., 2007) .
Helichrysum species are largely known as "ölmez çiçek, altınotu, or mantuvar" and are commonly used for the treatment of clearing kidney stones, stomach ulcers, otitis, wounds, burns, and nephritis in Turkey (Sezik et al., 2001) . Aerial parts of the plants have been used as an herbal tea. These effects of Helichrysum species are due to the flavonoids contained within them (Morone-Fortunato et al., 2010) . They are used for wound wrappings and stomach ache relaxation; anti-inflammatory (Sala et al., 2003) , antioxidant (Albayrak et al., 2009) , and antimicrobial activity (Sagdic et al., 2003) ; antiinfective, antibacterial (Smirnov et al., 1982) , detoxifying, hepatoprotective, cholagogic, and choleretic effects; to stimulate the secretion of gastric juices; and treatment of coughs, erythema, diabetes mellitus, and renal failure. In Turkish folk medicine, H. plicatum DC. subsp. plicatum has been used as a diuretic, lithagogue, and for stomach ache (Aslan, 2000) . The chemical composition of the H. plicatum subsp. plicatum belonging to Turkish flora has been researched. The major components of the capitula of H. plicatum subsp. plicatum are several flavonoids such as helichrysin A and B, apigenin, naringenin, isoastragalin, and isosalipurposide (Aslan et al., 2007) .
This study was to evaluate both the antinephrotoxicity effect of H. plicatum DC. subsp. plicatum ethanol extract (HPE) on gentamicin-induced rats and the antioxidant activity by measuring the levels of malondialdehyde (MDA), CAT, GPx, and SOD in the liver and kidney tissues and serum BUN and creatinine of the nephrotoxicity in the rats.
Materials and methods

Animals
The experiments were administered according to the ethical conditions confirmed by the Ethic Committee of Experimental Animal Teaching and Researcher Center, Ataturk University, Erzurum, Turkey (No. 05.11.2013 36643897-932-ATA-140) . Rats were obtained from the Medical and Experimental Application and Research Center (ATADEM), Erzurum, Turkey. Sprague-Dawley male rats weighing between 200 and 250 g were housed under standard conditions at (25±2) °C (constant temperature), a relative humidity of (60±5)%, a 12-h light-dark rhythm, and had free access to a standard diet of food pellets and tap water ad libitum during the study period.
Drugs and chemicals
Gentamicin sulphate was bought from Eczacibasi (Gentasol Flacon, Istanbul, Turkey). All other chemicals used were of analytical level and were bought from the Sigma Chemical Co. (St. Louis, MO, USA).
Plant materials
Helichrysum plicatum DC. subsp. plicatum (abbreviated as HP) aerial part was collected in July 2013 from Kop Mountain 2100 m (Bayburt, Turkey) and identified by Meryem SENGUL (Department of Botanic, Faculty of Agriculture, Ataturk University, Erzurum, Turkey). A voucher specimen has been deposited in the Herbarium of Ataturk University (voucher No. ATA9562), Erzurum, Turkey.
Preparation of the test samples
The dried plant samples were powdered in a crusher and then 100 g of plant sample was extracted individually with 500 ml ethanol for 48 h at room temperature. The extract was filtered using Whatman filter paper (No. 1), evaporated to dryness in a vacuum under reduced pressure at 40 °C with a rotary evaporator (RV 05 Basic 1B, IKA Group, Wilmington, NC, USA). The extract was dissolved in 5% dimethyl sulfoxide (DMSO) for further study. The dried extracts were stored at 4 °C until used.
Experimental protocol
A total of 36 Spraque-Dawley male rats were used in the present study. Thirty-six rats were randomly assigned into 6 experimental groups (6 rats per group). They were allowed to adapt to laboratory conditions for 7 d. The study was conducted for 8 d. Rats were divided into the following groups: Group I: control group, received only vehicle (5% DMSO) intraperitoneal (i.p.); Group II: HPE1-administered group, HPE 100 mg/(kg·d) i. At the end of these processes, rats were anaesthetized with pentobarbital sodium (60 mg/kg i.p.). The blood was withdrawn and then centrifuged at 4000 r/min to separate the serum and stored at −20 °C for estimating BUN and serum creatinine levels and dissected liver and kidney tissues. Meanwhile, both the kidneys and liver were harvested; one of the kidneys and a part of the liver were immediately kept in 10% neutral buffered formalin, embedded in paraffin, and used for histopathological assay. For biochemical estimation, other tissues were snap frozen in liquid nitrogen and stored at −80 °C until analysis.
Assessment of renal function test
Creatinine and BUN levels were analyzed in the serum using commercially available kits (Diasis Diagnostic Systems, Istanbul, Turkey).
Assessments of biochemical parameters
The kidney and liver tissues were homogenized in a Teflon-glass homogenizer using a 0.1 mol/L phosphate buffer (pH 7.4) to obtain a 1:10 (w/v) homogenate. Homogenates MDA content as a lipid peroxidation marker was measured using the thiobarbituric acid reaction according to the method of Placer et al. (1966) . CAT activity was measured as the difference in H 2 O 2 extinction per unit time as described previously for assessed CAT enzyme activity (Góth, 1991) . The protein concentration was also measured in the supernatant according to the method of Mert (1996) . The GPx activity was determined according to the method of Matkovics et al. (1988) . The generation of superoxide radicals produced by xanthine and xanthine oxidase, following the reaction of nitro blue tetrazolium and the formation of formazan dye, was used to measure SOD activity (Sun et al., 1988) .
Histological examination
Other tissues were fixed in 10% neutral buffered formalin. After dehydration in a graded ethanol series and clearing with xylene, the sample material was embedded in paraffin and 4-μm-thick tissue sections were cut using microtome (LEICA, RM2255). Sections were stained with haematoxylin and eosin (H & E) and periodic acid Schiff (PAS) for observation under the light microscope (OLYMPUS, BX51).
The tissue section was evaluated by high power light microscopic examination. For each specimen, the histopathological stain was examined in 10 randomly selected areas of approximately ×40 objective. The scores were derived semi-quantitatively using light microscopy on the preparations from each animal and were reported as follows: none, 0; mild, 1; moderate, 2; severe, 3; and very strong, 4.
Statistical analysis
Statistical analysis was done by one-way analysis of variance (ANOVA) using the SPSS software package, Version 20.00. Data between groups were tested by ANOVA and post-hoc Tukey's test was used to compare the studied parameters between the groups. P values of <0.05 were considered significantly different for all parameters. The results are expressed as mean±standard error means (SEM) for 6 rats in each group.
Results
Effect of H. plicatum extract on renal function in gentamicin-induced nephrotoxicity
The levels of serum BUN and creatinine are shown in Table 1 . To evaluate whether H. plicatum extract protected renal function, serum BUN and creatinine levels were measured in all groups. The levels of serum BUN and creatinine in the gentamicinadministered rats (Group IV) were significantly increased in comparison to those of the control, which reflects injury to kidney and the HPE-administered rats (P<0.001) and the levels of serum BUN and creatinine in the GM-plus-HPE1-treated rats were significantly decreased in comparison to those of the gentamicin-administered rats (Group IV) (P<0.001) but were still significantly higher than those of the control group (P<0.001) ( Table 1) . HPE2 improved the renal function, but significant normalization of serum creatinine (P<0.001) and BUN levels (P<0.001) was observed only with the lower dose 100 mg/kg of HPE. This indicates that kidney injury was decreased with HPE 100 mg/kg (Group V) treatment.
Effect of H. plicatum extract on oxidative stress in gentamicin-induced nephrotoxicity
Results of biochemical tests of MDA, CAT, GPx, and SOD are shown in Table 2 . In the gentamicinadministered group rats, there was significant (P<0.001) depletion of antioxidants CAT, GPx, and SOD along with increase in lipid peroxidation as compared with the control group. GM-plus-HPE1 decreased MDA level and significantly restored the anti-oxidant status as demonstrated by increase in CAT content, GPx and SOD activity in comparison to the gentamicin-administered and control groups.
Effect of H. plicatum extract on histopathological changes in gentamicin-induced nephrotoxicity
Figs. 1 and 2 show histopathological images of the kidney and liver tissues of all groups. No histopathological finding was observed in the kidney in the control group (Fig. 1a) . Gentamicin-administered group (Group IV) showed congestion and dilatation in the renal blood vessels and severe degeneration (vacuolar or hydrophic degeneration) and necrosis in the epithelial cells of the proximal tubules. The lumens of these tubules were filled with degenerate and desquamated epithelial cells. At the same time hyaline casts were seen in some dilated renal tubules. In addition to these changes, mononuclear cells had infiltrated in intertubular areas (Fig. 1b) . Lesions similar to those observed in Group IV were also observed in the kidney of the rats included in Group VI (Fig. 1c) , Group V (Fig. 1d) , Group III (Fig. 1e) , and Group II (Fig. 1f) . These degenerative and inflammatory changes generally were reduced in Group V when compared with Groups IV and VI. No histopathological finding was observed in the liver in the control group (Fig. 2a) . Gentamicinadministered group (Fig. 2b) showed remarkable degenerative changes in the hepatocytes. At the same time there was necrosis in some hepatocytes. In addition to these changes, mononuclear cells had infiltrated within portal areas. Furthermore, proliferation of Kupffer cells and hyperplasia of bile ducts were observed. Lesions similar to those observed in Group IV were also observed in the liver of the rats included in Group VI (Fig. 2c) , Group V (Fig. 2d) , Group III (Fig. 2e) , and Group II (Fig. 2f) . These degenerative and inflammatory changes generally were reduced in Group V when compared with Groups IV and VI. Table 3 shows the scores derived semiquantitatively using light microscopy on the preparations from each animal. 
Discussion
Gentamicin is a well-known potent, broad spectrum aminoglycoside antibiotic with a low cost and high effectiveness when used against Gram-negative infections (Banday et al., 2008; Salem et al., 2010) . However, gentamicin use has been restricted and gentamicin is used carefully owing to its effect of causing nephrotoxicity and hepatotoxicity (Stojiljkovic and Stoiljkovic, 2006; Raju et al., 2011; Nayma et al., 2012; Masakazu et al., 2014) . The present study has shown the effects of HPE and how it develops gentamicin-induced nephrotoxicity in rats.
Gentamicin-induced renal toxicity is clinically characterized and is linked with a marked increase in lipid peroxidation, nitrotyrosine formation, and protein oxidation in the renal cortex by an increase in nitrogenous waste products in the blood (BUN and serum creatinine), and decreased excretion in urine and glomerular filtration rate (Balakumar et al., 2010) . In this study, the level of both the serum BUN and creatinine significantly decreased in the gentamicin-induced nephrotoxicity groups treated with HPE1 and HPE2 when compared to the gentamicin-induced nephrotoxicity group not treated with the plant extract. Those levels of the control that reflected injury to the kidneys as biomarkers in the HPE-treated rats (P<0.001) and the levels of serum BUN and creatinine in the GM-plus-HPE1-treated rats were significantly decreased in comparison to those of the gentamicin rats. While HPE2 improved the renal function, significant normalization of serum creatinine and BUN levels were measured only with the lower dose 100 mg/kg of HPE. This indicates that kidney injuries decreased with HPE 100 mg/kg treatment. Researchers have reported similar findings of increase in serum BUN and creatinine levels in the model of nephrotoxicity (Ali, 2003; Singh et al., 2012) .
Nephrotoxicity and hepatotoxicity, major side effects of the use of gentamicin sulphate, have resulted in ROS production. Antioxidant compounds have played effective roles in the decline of kidney and liver injuries induced by the use of gentamicin. Oxidative stress is one of the agents responsible for renal and liver injury (Wang et al., 2004; Tavafi, 2013; Mahmood et al., 2014) . Gentamicin has caused severe renal injuries in rats, which were revealed by a marked elevation in both the plasma BUN and creatinine and histopathological changes in the proximal tubule cells. Gentamicin increases the generation of ROS, like reactive nitrogen species, hydroxyl radicals, hydrogen peroxide, and super oxide anions in the kidney and is implicated in the pathophysiology of gentamicin-induced nephrotoxicity. ROS cause cellular injury, degeneration, and necrosis by such mechanisms as peroxidation of membrane lipids, protein denaturation, and DNA damage (Ouédraogo et al., 2013) .
Antioxidants have an important role in the prevention and treatment of diseases (Peng et al., 2000) . Gentamicin reduced the activity of important endogenous antioxidants such as CAT, GPx, and SOD (Moreira et al., 2014) . Gentamicin-induced acute renal damage increased the level of lipid peroxidation in both kidney and liver tissues. This increase in lipid peroxidation was significantly reduced by HPE in a dose-dependent manner, which confirmed that the plant extract is capable of attenuating oxidative stress. In the GM-plus-HPE1-treated group, it was shown that the activity of liver and kidney CAT, GPx, and SOD increased and MDA levels decreased. HPE of 100 mg/kg dose demonstrated a positive effect on the nephrotoxicity of rat livers and renal tissues by partially supporting an antioxidant defense in nephrotoxicity in rats and it had therapeutic effects on liver and renal pathology and biochemical parameters. It was found that HPE 200 mg/kg significantly decreased SOD, GPx, and CAT activity and increased MDA level in nephrotoxicity in rats.
Some reported research has reinforced our results since they found that a gentamicin-administrated group caused a highly significant increase in kidney and liver MDA levels. They also showed a highly significant decrease in hepatic and renal CAT and SOD, and reduced GSH activity as compared to the control group (Yaman and Balikci, 2010; Kamel et al., 2015) . These investigations indicated that gentamicininduced nephrotoxicity results are in line with those of other studies (Tavafi and Ahmadvand, 2011; Al-Kenanny et al., 2012; Ademiluyi et al., 2013; El-Kashef and El-Kenawi, 2015) and these findings related well to the kidney and liver histological results.
Evidence has indicated that the renal toxicity of gentamicin is due to its selective accumulation in the renal proximal convoluted tubules and its long-term stay, which subsequently leads to the loss of brush border integrity, severe degeneration (vacuolar or hydrophic degeneration) and necrosis in epithelial cells of the proximal tubules, and mononuclear cells have infiltrated in intertubular areas (Raju et al., 2011; Liu et al., 2016; Veljković et al., 2016) . In this study, gentamicin-administered group (Group IV) showed congestion and dilatation in the renal blood vessels and severe degeneration (vacuolar or hydrophic degeneration) and necrosis in epithelial cells of the proximal tubules.
Evidence has indicated that the hepatotoxicity of gentamicin subsequently leads to necrosis and degenerative changes in the hepatocytes (Stojiljkovic and Stoiljkovic, 2006; Nayma et al., 2012; Mahmood et al., 2014; Masakazu et al., 2014) . In this study, gentamicin-administered groups (Group IV) showed remarkable degenerative changes and necrosis in the hepatocytes; mononuclear cells had infiltrated within portal areas and proliferation of Kupffer cells.
The biochemical analysis of our study was confirmed by the histopathological analysis, where the GM group showed necrosis of the proximal tubules, vacuolization of the cytoplasm, and massive mononuclear inflammatory infiltrates in the interstitium. Both biochemical results and histopathological evidence showed that administration of a 100 mg/kg HPE dose reduced the gentamicin-induced nephrotoxicity. Co-administration of HPE with gentamicin had a renoprotective and hepatoprotective effect and showed that only mild infiltrations had normal glomeruli and alleviated tubular degeneration.
Conclusions
The present study showed that a 100 mg/kg HPE dose has beneficial effects in decreasing the elevated serum BUN and creatinine and liver and kidney levels of MDA, and increased CAT, GPx, and SOD in nephrotoxic rats. Histological analyses of the liver and kidney indicated that the extract reduced the damage as compared to the gentamicin group. The protective effects of HPE on histopathological and biochemical parameters of liver and kidney tissues in lesions of gentamicin-induced nephrotoxicity rats had not previously been reported. This study showed that HPE might prevent gentamicin-induced hepatorenal toxicity and the related oxidative stress by inhibiting free radical generation and by restoration of the antioxidant systems. 
